This controlled randomized clinical trial evaluated the effect of associating at-home and in-office bleaching procedures on tooth sensitivity (TS) and bleaching effectiveness. Forty patients subjected to on session of in-office bleaching with 38% peroxide hydrogen. Subsequently, the patients were randomly allocated to receive a second session of inoffice bleaching or to use a tray containing 10% carbamide peroxide delivered during 7 consecutive days. The worst TS score reported during or after each bleaching procedure was recorded using a verbal rating scale and TS risk (score different from 0) was calculated. Color changes were measured 7 days after each in-office session (for patients receiving in-office procedures only) or after the end of at-home bleaching (for the combined protocol), and 6 months after the last procedure for both bleaching protocols. Color was assessed by a spectrophotometer and by color match with the Vita Classical and Bleach guide scales. Statistical analyses were carried out to assess possible differences between the protocols regarding the outcomes and to analyze the effect of time of assessment on color changes. The bleaching protocol did not affect the risk for and the maximum level of TS reported, irrespective of the time of assessment. In the color evaluation, the bleaching protocol also did not affect the ultimate tooth color. In conclusion, after one in-office bleaching session, there was no difference in bleaching effectiveness and TS between performing a second in-office session and associating it with 1-week at-home bleaching.
Introduction
Bleaching is a usual conservative clinical procedure carried out by clinicians to solve esthetic problems associated with tooth discoloration. This esthetic procedure can be performed either by clinicians in the office using high concentrations of hydrogen peroxide or by patients at home using customized trays that deliver peroxide (usually carbamide peroxide) at low concentrations (1, 2) . Irrespective of the technique chosen, satisfactory bleaching effectiveness has been reported for most cases of tooth discoloration when the procedure is well conducted (2, 3) . However, tooth sensitivity (TS) reported by patients is a common adverse effect associated with bleaching procedures, mainly when a high concentration of peroxides is used in the office (2) (3) (4) (5) .
Regardless of the higher incidence of TS than that observed for at-home techniques, in-office bleaching remains a useful technique to treat tooth discoloration when patients have any contraindication, such as gingival retraction or gastric disease, for the use of peroxidedelivering trays (6, 7) . Moreover, the fact that clinicians do not have to rely on patient collaboration and have increased control over the procedure provides additional advantages to in-office bleaching. Another important aspect is the time of treatment required to obtain the tooth color desired by the patient.
Since more than one in-office bleaching session is usually necessary to achieve satisfactory results, the time required between consecutive sessions (usually 1 week) for reduction of pulp inflammation caused by high concentrations of peroxides delays treatment (8) (9) (10) . Therefore, in order to accelerate the bleaching process, the association of in-office and at-home procedures has been suggested (11) (12) (13) (14) . In the combined technique, a customized tray and a bleaching agent with a low concentration of peroxide are given to the patient after the first in-office session to be used at home. However, the possible advantages of the combined technique in accelerating tooth bleaching or its effect on tooth sensitivity are not fully elucidated. Kugel et al. (11) compared the combined technique to two 15-min application of 35% carbamide peroxide, and the low concentration of bleaching (corresponding to approximately 12% hydrogen peroxide) (15) agent used for a short time could justify the improved outcomes observed for combined technique. Another prior study (13) evaluated the additional effect of at-home bleaching following in-office protocol with 36% hydrogen peroxide (used for three 15-minute or a single 40-min applications).
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As expected, combined technique resulted in improved bleaching effect since no additional bleaching procedure was performed when only in-office technique was used.
Thus, the aim of this clinical trial was to assess bleaching effectiveness and TS level reported by patients subjected to a single in-office bleaching session combined with at-home bleaching for 7 consecutive days compared to two in-office bleaching sessions with a 1-week interval between them. The null hypothesis of the study was that the combined technique did not alter: 1) the incidence and level of TS and 2) the ultimate tooth color when compared to the two in-office bleaching sessions.
Material and Methods
This clinical trial was approved by the committee for the protection of human subjects of the local university (process no. CAAE 47633615.6.0000.5141). This study was a single blind randomized clinical trial with a parallel design conducted from February 2016 to September 2016. Prior to the bleaching procedures, all volunteers underwent dental screening and rubber cup prophylaxis with pumice and water.
Sample Size Calculation
The sample size calculation used the absolute risk of TS as primary outcome and data from a previous study with two in-office bleaching sessions with 1-week interval between them and a reported TS risk of 90% (16) . The calculation was performed for equivalence trial with a binary outcome, considering a test power of 80%, a significance level of 5% and an equivalence limit of 30%. Thus, 40 patients (20 per experimental condition) were included in the study based on the sample size calculation.
Random Sequence Generation and Allocation Concealment
A randomized list was computer-generated by a person not involved in the intervention or evaluation. The sequence of allocation was inserted into opaque sealed envelopes numbered from 1 to 40 that were opened by the operator only at the time of the intervention. The patients were numbered according to the sequence of enrollment.
Inclusion and Exclusion Criteria
Patients included in this clinical trial were at least 18 years old, had good general and oral health and all six maxillary anterior teeth with shade A2 or darker, according to the Vita Classical (Vita-Zahnfabrik, Bad Säckingen, Germany) shade guide. The participants were required to have caries-free maxillary anterior teeth without restorations and/or endodontic treatment. Participants who had undergone tooth-whitening procedures, were pregnant or lactating, had severe internal tooth discoloration (e.g. tetracycline stains), were taking any kind of medicine, had bruxism or any other pathology that could cause TS (such as gingival recession or dentin exposure), were smokers or had periodontal disease were excluded from the study.
Baseline Measurements
Prior to the bleaching procedures, both TS and shade of the six maxillary anterior teeth were evaluated. TS was evaluated using a 5-point verbal rating scale (VRS), where 0=none, 1 mild, 2=moderate, 3=considerable and 4=severe. Patients whose scores were different from 0 when a gentle air stream was applied over the buccal surfaces of maxillary teeth were excluded. A spectrophotometer (Easy Shade Compact, Vita-Zahnfabrik) was used to assess tooth color. A silicone index extending from canine to canine containing a 6-mm hole for the placement of the spectrophotometer tip was used to standardize the readings. Three assessments were performed on each tooth, and the average was recorded. Color was also evaluated by Vita Classical and Bleach (Vita-Zahnfabrik) guide scales and by comparing the shade tabs with the middle third of the teeth.
Intervention
All patients included in the study were subjected to one in-office bleaching session in their first appointment. The gingival tissue of the teeth to be bleached was isolated using a light-cured resin dam and 38% hydrogen peroxide gel (Opalescence Boost, Ultradent, Indaiatuba, SP, Brazil) was applied over the buccal tooth surfaces. Peroxide was maintained undisturbed for 45 min in a single application, according to prior clinical trial (17) that did not find difference between the protocol used in the present study and three consecutive 15-minutes applications (manufacturer`s recommendation). Thereafter, based on the randomized list, the patients allocated to the combined technique received a customized tray and a bleaching agent (10% carbamide peroxide, Opalescence PF 10%) (Ultradent) to be inserted into the tray before at-home bleaching. These participants were instructed to perform the at-home bleaching procedure using the filled tray for at least 4 h every day during 7 consecutive days. The other participants, allocated to the in-office technique only, returned after 1 week for a second in-office tooth bleaching session following the same protocol described previously.
Evaluations
The worst TS score reported by patients during or after each bleaching protocol was recorded. The absolute risk of TS was calculated based on the percentage of scores different from 0 observed during or after each in-office session and during the entire at-home bleaching. Color evaluation of the six maxillary anterior teeth was repeated 1 week after each in-office bleaching session for those participants subjected exclusively to this type of procedure. For the participants allocated to the combined technique, color evaluation was performed 1 week after the last day using the tray containing the bleaching agent. All participants in both bleaching protocols returned after 6 months for evaluation of color stability. In each assessment, ∆E was calculated based on the following equation: ∆E=[(∆L) 2 +(∆a) 2 +(∆b) 2 ] 1/2 . Shade guide units (SGU) were calculated by subtracting the scores in each assessment from those measured at baseline. All evaluations were performed by an evaluator who were blinded to the allocation assignment.
Statistical Analysis
Age and gender of participants allocated to each bleaching protocol were compared by the t-test and Fisher's exact test, respectively. The scores recorded for tooth color for participants in each protocol were compared to baseline ones by the Mann-Whitney test.
In each assessment, the color changes between the protocols were compared by the Mann-Whitney test (for SGUs on both scales) or by the t-test (for ∆E). Measurements of in-office bleaching 1 week after the first and second sessions were compared to those performed 1 week after the ending of at-home bleaching. The effect of time of assessment on color changes was analyzed by the Friedman or Wilcoxon test (for SGUs on both scales) and by one-way repeated measures ANOVA or the paired t-test (for ∆E).
In each assessment, the absolute risk of TS between the protocols was compared using Fisher's exact test. Relative risks with their confidence intervals were also calculated using the protocol with two in-office sessions as control. The comparison between the protocols regarding the maximum levels of TS after each bleaching procedure was performed by the Mann-Whitney test. The data were analyzed by the SigmaStat v.3.5 statistical software package (Systat Software Inc., Chicago, IL, USA). The significance level was set at α=0.05 for all analyses. Table 1 presents the characteristics of the samples at baseline. No differences in age and gender were found between participants in each protocol. Most participants were female (60% for both protocols) and young (around 24 years old). Color scores were similar between the teeth allocated to the two in-office sessions and to those subjected to the combined protocol. Figure 1 presents the flowchart with the participants included in the study.
Results
The color evaluation results are presented in Table 2 . Irrespective of the tool used to measure color changes, no differences between the evaluated protocols were observed at any time of assessment. The second in-office session had an additional bleaching effect, but with no difference in the color obtained by at-home bleaching (combined protocol). No significant rebound color effect was observed after 6 months. Both protocols presented similar risk of TS during or after the bleaching procedures ( Table 3 ). The maximum level of TS was also similar for both protocols (Fig. 2) .
Discussion
In addition to seeking improvements in smile esthetics, patients frequently undergo faster and painless procedures to treat tooth discoloration. Despite satisfactory esthetic results, in-office tooth bleaching has a high incidence of TS and usually requires two or three around 1-hour sessions for a satisfactory bleaching effect (2,3). As TS is related to pulp inflammation, the delay of around 1-week between two sessions has been considered to reduce this inflammatory process without additional damage to the pulp tissue (10) . On the other hand, the use of a bleaching tray for 1 week immediately after the in-office bleaching does not allow reducing pulp inflammation and could increase the risk and level of TS when compared to two in-office bleaching sessions with a 1-week interval between them. However, both protocols evaluated in the present study presented similar risk and maximum level of TS, leading us to accept the first null hypothesis.
The sensitivity reported by patients following tooth bleaching procedures is related to inflammatory processes induced by the presence of peroxide and its products in the pulp chamber, reducing the possibility of pulpal cell proliferation, its metabolism and viability, and compromising the reparative capacity of pulp (18) (19) (20) (21) (22) . Moreover, oxidative stress caused by peroxide penetration into the pulp chamber increases the level of inflammation mediators such as prostaglandins, bradykinin and substance P, while the presence of bradykinin is responsible for tooth pain (23, 24) . Studies evaluating the time required to reverse the inflammatory process are usually conducted using cultured pulp cells or teeth extracted from humans or dogs (19, 22, (25) (26) (27) . It has been demonstrated that bleaching-induced inflammatory reaction is a slow but reversible process, as only after 60 days it is possible to observe absence of hemorrhage, of resorption, or of inflammatory infiltration (25) . Thus, for both bleaching protocols evaluated, there was some degree of pulp inflammation during the second application of the bleaching agent (at-home or in-office) following the first in-office bleaching session. However, considering that a reduction in the inflammatory process is time-dependent, a lower degree of inflammation could be expected 1 week after the first bleaching session rather than 1 day after that. Thus, the presence of a more inflamed pulp in the combined protocols could favor TS development even at lower concentrations of the bleaching agent containing 10% carbamide peroxide (corresponding to 3.3% hydrogen peroxide) (15, 28, 29) . Regarding bleaching effectiveness, factors other than the bleaching technique have been related to color changes, including tooth color at baseline and patient age. A stronger bleaching effect tends to occur in darker teeth and younger patients (3) . In the present study, no difference in age and color was observed at baseline between the patients allocated to the combined technique or exclusively to inoffice bleaching procedures, while a moderate degree of darkness was seen in young participants included in both bleaching protocols. An important observation is that the Figure 1 . Flowchart of participants included in the study. Figure 2 . Box-plot presenting the maximum level of tooth sensitivity reported by participants after each bleaching procedure. p-value calculated by the Mann-Whitney test.
color change obtained after the in-office session in the combined protocol was not measured. Teeth tend to appear whiter immediately after the in-office bleaching procedure due to dehydration from the isolation and demineralization caused by acidity of the bleaching agent, and a few days are required to reverse this process (30, 31) . Since at-home bleaching began one day after in-office bleaching, the delay was not enough to effectively measure the bleaching effect achieved with the first bleaching procedure. However, it is possible to state that a similar color change was obtained for both protocols following the in-office bleaching carried out in the first appointment. Thus, the absence of significant difference between the color changes measured 1 week after the end of the combined protocol and 1 week after the first in-office session demonstrated that at-home bleaching had limited effect on tooth color. Nevertheless, it is important to emphasize that the color measured 1 week after the end of the combined protocol was similar to that achieved with two in-office bleaching sessions at the same time of assessment, despite the fact that the second in-office bleaching session improved the bleaching effect. Actually, both bleaching protocols took the same time and achieved similar tooth color since the second in-office bleaching session was performed on the same day when the patients allocated to the combined protocol ended the at-home home bleaching. Therefore, the second null hypothesis of the study was also accepted. Both protocols resulted in ∆SGU ≈ 5.0 and ∆E ≈ 9.0, which are consistent with the color changes observed in other clinical trials for either at-home or in-office bleaching (2, 3) . To obtain the desired color, the stability of the bleaching effect achieved also plays an important role. Aggressive bleaching protocols causing significant pulp damage can prompt this tissue to produce reactional dentin, resulting in rebound effect on the bleached teeth (32) . In the present study, tooth color was re-evaluated 6 months after the end of the bleaching protocols and no difference was observed in the color measured 1 week after the final bleaching procedures, demonstrating stability of tooth color achieved with both protocols. The outcomes of the present study reveal that the bleaching protocol combining both in-office and at-home procedures was unable to accelerate the bleaching effect when compared to two in-office sessions with a 1-week interval between them. Furthermore, there was no difference in TS between the evaluated bleaching protocols.
Resumo
Este ensaio clínico controlado e randomizado avaliou o efeito da associação de procedimentos de clareamento caseiro e de consultório na sensibilidade dental (SD) e efetividade clareadora. Quarenta pacientes receberam uma sessão de clareamento de consultório com peróxido de hidrogênio a 38%. Em seguida, os pacientes foram aleatoriamente alocados para receberem uma segunda sessão de clareamento de consultório ou para usar uma moldeira com peróxido de carbamida a 10% por 7 dias consecutivos. O pior score de SD relatada durante ou após cada procedimento clareador foi mensurado usando uma escala verbal, e o risco a SD (escore diferente de 0) foi calculado. Mudança de cor foi mensurada 7 dias após cada sessão de clareamento de consultório (para paciente submetidos a apenas procedimentos de consultório) ou após o fim do clareamento de caseiro (para o protocolo combinado) e 6 meses após o último procedimento clareador para os dois protocolos de clareamento. A cor foi mensurada através de um espectrofotômetro e pelo uso das escalas Vita Clássica e Bleach guide. As análises estatísticas foram realizadas para verificar possíveis diferenças em relação aos desfechos e para analisar o efeito do momento da mensuração nas mudanças de cor. O protocolo clareador não afetou o risco e o nível máximo de SD relatado, independentemente do tempo de avaliação. Na avaliação de cor, o protocolo clareador também não afetou a cor final dos dentes. Como conclusão, após uma sessão de clareamento de consultório, não há diferença na efetividade clareadora e na SD em realizar uma segunda sessão de consultório ou associá-la com uma semana de clareamento caseiro.
